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[57) ABSTRACT

Three-dimensional exchange element for heat exchange
units for gas/liquid systems which consists of filaments
with a diameter of 0.1 to 2.5 mm, such filaments, which
are welded together at their interlacing points, being
arranged 1 a level plane showing equidistantly spaced
hump-like projections.

2 Claims, 3 Drawing Figures
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THREE-DIMENSIONAL EXCHANGE ELEMENT
FOR LIQUID GUIDANCE IN LIQUID-GAS |
CONTACT SYSTEMS

This is a Continuation of application Ser. No. 915,412
filed June 14, 1978, now abandoned. |

The invention relates to a three-dimensional ex-
change element for liquid guidance in liquid-gas contact
systems consisting of synthetic filaments of a diameter
of about 0.1 to 2.5 mm. |

Exchange elements of this type, as used in material
and/or heat exchanging systems, are described in e.g.
German Patent disclosure No. 2,158,171. They consist
of more or less loosely constructed fabrics of synthetic
monofilaments, whereby the structure of the fabric
permits only a slight extension in the thlrd dlmensmn
Exchange elements of this type, which are used essen-
tially in vertical alignment for vertical flow possess only
a minimum gas permeability and cause only a moderate
breakdown of the trickling liquids into drops and thin
films. The thermal efficiency of such elements is corre-
spondingly low. Moreover, these exchange elements
have the drawback of relatively high production costs,
on the one hand to weave the heavy monofilaments to
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fabrics, and on the other hand, to transform these mono-

filament fabrics into self—supportmg structural elements
of sufficient rlgldlty |

As described 1in German Patent Dlsclosure No. 24 34
082, three-dimensional exchange elements of greater
rigidity can be made from the fabrics described above in
combination with multifilaments, by folding the fabric
in a zigzag pattern followed by setting. These corru-
gated exchange elements can be stacked crossways thus
resulting in exchanger packs which are suitable practi-
cally only for cross-current operation.

The object of the present invention is to avoid the
drawbacks of said known exchange elements. In partic-
ular, 1t aims at providing a simple exchange element,
economical to produce, having a high thermal effi-
ciency and which when used in cooling towers and
cooling stacks has a substantially greater cooling effi-
ciency per unit volume. It is a further object to provide
an exchange element that 1s more versatile in that it can
be used in an upright or horizontal position, or sus-
pended, and can be operated in a counter current or
cross current sifuation.

‘These objects are met by the above-described three-
dimensional exchange element according to the inven-
tion in that the randomly intersecting filaments, fused at
their points of intersection, form essentially a planar
sheet or web which exhibits, at regular intervals, hump-
like depressions of essentially like depth or, conversely,
hump-like projections having essentially equal height.

The exchange elements of the invention can be ob-
tained, e.g. by a method described in U.S. Application
Ser. No. 703,277, filed July 7, 1976, which disclosure is
incorporated by reference herein. In said application,
the melt of a synthetic polymer is spun from a spinneret
with multiple spinning orifices in an essentially perpen-
dicular direction onto a moving surface located at a
distance from the spinneret, which surface exhibits a
hump profile of about 20 to 70 mm height. The equidis-
tantly aligned humps of essentially identical height may
assume the shape of a pyramid, cone or hemisphere.
Preferably, they assume the shape of a truncated cone
or truncated pyramid. The filaments emerging from the
spinning orifices are deposited in a thin layer in an inter-
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secting arrangement on and between the humps and
become mutually fused on cooling. The sheet structure
Wh_lph is subsequently taken off the moving surface is
three-dimensional, i.e. while extending essentially in
one plane, it presents at regular intervals hump-like
depressmns of essentially like depth forming the well-
defined third dimension. |

The exchange elements of the invention have, conse-
quently, a profiled .trickling surface. This means an
increase in exchange area per unit volume and facilitates
the continuous formation of new liquid faces. More-
over, the exchange elements of the invention have a
perforated trickling surface. This facilitates the continu-
ous renewal and disintegration of liquid films by trick-
ling liquid and gas flow. Hence, the films being formed
are -quickly disrupted so that ‘“concentration” of the
iquid (1.e. a levelling of the temperature in the llqmd
film) can be avoided. .

The three-dimensional exchange elements of the in-
vention are readily made into self-supporting exchanger
packs, by cementing or fusing: together alternately the
bottoms and tops (1.e. the mating opposite surfaces of
the planar web) or adjacent elements cut to the proper
dimensions. - |

To facilitate contact between the hump-like projec-
tions of adjacent elements, said hump-like projections
assume preferably the shape of a truncated cone or
truncated pyramid.

Aside from substantially lower production and manu-
facturlng costs, the exchange elements of the invention
present other important advantages. For instance, for an
identical gas throughput a smaller volume will yield the
same thermal efficiency or because of the greater cool-
ing capacity a greater thermal efficiency, a feature
which is not insignificant with cooling towers. More-

over, because of their special construction, the ex-

change elements of the imvention have a much lower
structural weight compared with conventional inserts.
The exchange elements of the invention have a weight
of only 5 to 10 kg/m3, whereas perforated PVC sheets
(monofilament fabrics) weigh from 20 to 30 kg/m?. This
is especially important for static reasons in large contact
installations. Furthermore, the exchange elements of the
invention have relatively large openings insuring a
good self-cleaing action, which 1s especially advanta-
geous in cooling towers or cooling stacks. Lastly, they
have a high rigidity and a very large contact surface
assisting film formation. The efficiency of the exchange
elements is, finally, unaffected by the direction of inser-
tion, 1.e. the elements can be inserted in vertical, hori-
zontal or slanted alignment, or by the direction of the
gas and liquid currents, i.e. a cross current, monodirec-
tional current or counter current may be used equally
well.

The hump-like projections should have a height of
about 20 to 70 mm. While smaller dimensions are possi-
ble, they make bonding of the elements to form ex-
changer packs, e.g. by hot air fusing, more difficult and
under certain conditions fail to yield the desired perma-
bility between surfaces. On the other hand, greater
dimensions may impair the rigidity of the material.

The exchange elements of the invention can be pro-
duced from any conventional, filament-forming syn-
thetic polymer. Use is preferably made of polyamide 6,
polyamide 66, polyethylene terephthalate or polypro-
pylene, whereby polyamide 6 1s preferable because of its
chemical stability.
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The subject matter of the invention is, in particular,
the use of the three-dimensional exchange elements of
the invention as trickle elements, both in cooling towers
and cooling stacks, especially in brushwood cooling
stacks such as are used in spas. In said application, they
- can be substituted for the expensive, high-maintenance
brushwood bundles. o |

Other end uses for the exchange element of the inven-
tion are, e.g. packing elements in exchanger columns, as
packing material in gas scrubbers and as mist eliminator
in condensors. | c

The invention is further illustrated by the drawing
wherein: | | | .

FIG. 1 is a schematic of a cooling tower equipped
with the exchange elements of the invention,

FIG. 2 is a scale drawing of an exchanger packing
composed of several elements, and

FIG. 3 is a schematic view of a section of an exchange
element taken along the plane 3—3 of FIG. 1.

FIG. 1 illustrates the essential parts of a cooling
tower. The top of tower 1 is equipped with a fan 2
which aspirates air L via ports 3 at the bottom of the
tower. The air flows through the tower in counter cur-
rent to water W supplied via distributor units 4, which
water trickles down through the exchange elements,
shown graphically in the broken-away section 5. The
cooled water is collected in reservoir 6 and discharged
via drain pipe 7 e.g. into a stream.

FIG. 2 illustrates an exchange packing composed of
multiple elements E1, E2, E3, etc. Each element E is
composed of a plurality of mutually intersecting fila-
ments F, fused at their points of intersection, which
filaments are aligned 1n a plane whose essentially level
extension exhibits at regular intervals hump-like projec-
tions A of essentially equal height. In this instance, the
projections are hemispherical and comprise a contact
surface 8.for a like projection on the adjacent element
which in this instance is punctiform. It is therefore ad-
vantageous to select truncated pyramids or truncated
cones wmstead of hemispherical shapes since a larger
contact area between adjacent elements E1, E2, E3,
etc., 1s desirable. FIG. 2 also shows the relatively wide
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passages between the filaments F. Therefore, instead of
the illustrated counter current of water W and air L, a
cross current can be used just as well.

FIG. 3 shows an efficient alignment of the hump-like
projections A in element E, which are in the form of
truncated cones: In this modification, the contact sur-
face 8 is substantially larger than that possible with the
hemispherical construction of FIG. 2, providing a
larger area for cementing for fusing elements together.
They should as much as possible be aligned in such a
manner that the water W trickles down from one pro-
jection onto a projection below. This insures a substan-
tially greater efficiency.

The explanations for the cooling tower apply as well
to the use of the exchange elements of the invention in
cooling stacks. Instead of water, a salt brine 1s supplied
to the exchanger pack and trickles through the packing
In a cross current with respect to air.

- What is claimed is:

1. In a liquid-gas contact system wherein said liquid-
gas comprises a vertical tower which contains a heat
exchange untt through which water flows countercur-
rently or cross-currently to a stream of gas flowing
therethrough, the improvement of said a heat exchange
unit comprising a plurality -of 3-dimensional, mutually
supporting exchange elements arranged side-by-side, in
contact with each adjacent element and each of said
elements comprising randomly intersecting synthetic
filaments having a diameter of about 0.1 to 2.5 mm,
fused at their points of intersection, wherein said fila-
ments form a self-supporting planar web with a density
of from 5 to 10 kg per cubic meter and having hump-like
projections of a substantially identical height of from
about 20 to about 70 mm at regular intervals on the face
of satd planar web, said projections comprising contact
surfaces for adjacent elements of like construction,
wherein said elements are positioned parallel to each
other and in contact with an adjacent element at said
projections.

2. The 3-dimensional exchange element of claim 1,

wherein the hump-like projections are truncated.
* X * ] %
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